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The aim of this paper is to search for positive *T*-periodic solutions for a second order differential equation with a singularity in the following form: $$\documentclass[12pt]{minimal}
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The study of the problem of periodic solutions to scalar equations with a singularity began with work of Forbat and Huaux \[[@CR1], [@CR2]\], where the singular term in the equations models the restoring force caused by a compressed perfect gas (see \[[@CR3]--[@CR6]\] and the references therein). In the past years, many works used the methods, such as the approaches of critical point theory \[[@CR7]--[@CR12]\], the techniques of some fixed point theorems \[[@CR13]--[@CR15]\], and the approaches of topological degree theory, in particular, of some continuation theorems of Mawhin (see \[[@CR6], [@CR16]--[@CR22]\]), to study the existence of positive periodic solutions for some second order ordinary differential equations with singularities. For example, in \[[@CR15]\], by using a fixed point theorem in cones, the existence of positive periodic solutions to equation ([1.1](#Equ1){ref-type=""}) was investigated for the conservative case, *i.e.*, $\documentclass[12pt]{minimal}
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By using a continuation theorem of Mawhin, Zhang in \[[@CR18]\] studied the problem of periodic solutions of the Liénard equation with a singularity of repulsive type, $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ x''+f(x)x'+g(t,x)=0, $$\end{document}$$ where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$f: {R}\rightarrow{R}$\end{document}$ is continuous, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$g: {R}\times(0,+\infty )\rightarrow{R}$\end{document}$ is an $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$L^{2}$\end{document}$-Carathéodory function with *T*-periodic in the first argument, and it is singular at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x=0$\end{document}$, *i.e.*, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$g(t,x)$\end{document}$ is unbounded as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x\rightarrow0^{+}$\end{document}$. Different from the equation studied in \[[@CR6], [@CR16]\], which is only singular at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x=0$\end{document}$, equation ([1.4](#Equ4){ref-type=""}) is provided with both singularities at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x=+\infty$\end{document}$ and at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x=0$\end{document}$. In \[[@CR19]\], Wang further studied the existence of positive periodic solutions for a delay Liénard equation with a singularity of repulsive type $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ x''+f(x)x'+g\bigl(t,x(t- \tau)\bigr)=0. $$\end{document}$$ In \[[@CR18], [@CR19]\], the following balance condition between the singular force at the origin and at infinity is needed.
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Motivated by this, in this paper, we study the existence of positive *T*-periodic solutions for equation ([1.1](#Equ1){ref-type=""}) under the condition that the sign of the function *φ* is allowed to change for $\documentclass[12pt]{minimal}
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The following lemma is a consequence of Theorem 3.1 in \[[@CR23]\].
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\[[@CR19]\]
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In order to study the existence of positive periodic solutions to equation ([1.1](#Equ1){ref-type=""}), we list the following assumptions.
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Lemma 3 {#FPar4}
-------
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Proof {#FPar5}
-----
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Main results {#Sec3}
============

Theorem 1 {#FPar6}
---------

*Assume that* \[H~1~\]-\[H~3~\] *hold*. *Then equation* ([1.1](#Equ1){ref-type=""}) *has at leat one positive* *T*-*periodic solution*.

Proof {#FPar7}
-----
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                \begin{document}$$\bigl(g(m_{0})-\bar{\varphi}m_{0}+\bar{h} \bigr) \bigl(g(m_{1})-\bar {\varphi}m_{1}+\bar{h} \bigr)< 0. $$\end{document}$$ So condition 3 of Lemma [1](#FPar1){ref-type="sec"} holds. By using Lemma [1](#FPar1){ref-type="sec"}, we see that equation ([1.1](#Equ1){ref-type=""}) has at least one positive *T*-periodic solution. The proof is complete. □
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Corollary 1 {#FPar8}
-----------
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Remark 2 {#FPar9}
--------

Corresponding to equation ([1.4](#Equ4){ref-type=""}) and equation ([1.5](#Equ5){ref-type=""}), the function $\documentclass[12pt]{minimal}
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                \begin{document}$t\in[0,T]$\end{document}$, then it is unclear from ([3.20](#Equ39){ref-type=""}) whether the balance condition (h~1~) is satisfied. For this case, the main results of \[[@CR18], [@CR19]\] cannot be applied to equation ([3.18](#Equ37){ref-type=""}).

Corollary 2 {#FPar10}
-----------
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Example 1 {#FPar11}
---------
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Remark 3 {#FPar12}
--------
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                \begin{document}$t\in[0,T]$\end{document}$, whether the right inequality of ([1.6](#Equ6){ref-type=""}) in the balance condition (h~1~) is satisfied remains unclear. So the conclusion of the example cannot be obtained by using the main results in \[[@CR18], [@CR19]\].
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